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Abstract: Background/Aims:Non-alcoholic steatohepatitis (NASH) has been
associated with exposure to chemicals among workers from an industrial
complex in Brazil. We investigated the NASH profile of these individuals
associated or not with metabolic conditions. Methods: Eighty-four patients
with NASH were classified into three groups: G1, 31 patients exposed to
chemicals (benzene, xylene, vinyl chloride and others); G2, 30 exposed
patients who also presented with obesity, hyperlipidemia and diabetes; and
G3, 23 non-exposed patients who presented with metabolic conditions.
Results: G1 and G2 were similar in terms of gender (97% and 100% males)
and age (37 � 5.4 and 39 � 6.5 years). In G3, 74% were males and the age
was 48 � 3.4 years (Po0.05). In G2, obesity was present in 26.6%,
hyperlipidemia in 66.6% and diabetes in 6.6%. In G3, obesity was observed
in 43.4%, hyperlipidemia in 30.4% and diabetes in 26%. Macro- and
microsteatosis were observed in 100% of cases. Perisinusoidal fibrosis was
observed in 71% patients in G1, 80% in G2 and 52% in G3 (Po0.05).
Histological evidence of cholestasis was present in 53% of cases in G1, 50%
in G2 and 13% in G3 (Po0.05). Conclusions: Exposure to chemicals appears
to be an independent risk factor for NASH that presents a peculiar profile. It
is more frequently seen in men younger than non-exposed ones. Steatosis,
fibrosis and cholestasis were frequent histological findings. Co-existing
metabolic factors did not seem to influence clinical or histopathological
presentation.
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Non-alcoholic steatohepatitis (NASH) is a
clinical–pathological condition first described in ob-
ese and diabetic women (1–3), which is currently
considered to be part of the spectrum of non-
alcoholic fatty liver disorders (NAFLDs), ran-
ging from bland steatosis to steatohepatitis and
cirrhosis (4–6). NASH has been associated with
the metabolic syndrome which includes obesity,
diabetes, hypertriglyceridemia and hypertension
(7, 8). In addition to the usual conditions, NASH
has also been associated with jejunal bypass,
parenteral nutrition, drugs (corticosteroids, ta-
moxifen, estrogens) and environmental toxins
(9–12).
NASH has been recognized as a frequent liver

disease among petrochemical workers from a
complex in the Northeast region of Brazil (13,

14). Occupational exposure to chemicals (ben-
zene, xylene, ethylene, dimethylformamide, vinyl
chloride and others) was then suspected to be
an important risk factor. Improvement in liver
enzymes and histology parameters was observed
in workers removed from the industrial area
(12). However, in these workers occupational
exposure appeared either as an independent risk
factor or was associated with obesity, hyperlipi-
demia, type 2 diabetes and so on (metabolic
conditions).
This study comparatively describes the clinical

and pathological profiles of NASH among pa-
tients exposed to chemicals associated or not with
metabolic conditions, and consecutive patients
with histological NASH who had no exposure
to potentially toxic agents.
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Patients and methods

Study group selection

The present study involved patients (males and
females) with a diagnosis of NASH classified into
three groups:
Group 1 (G1): patients for whom exposure to

chemicals was the only risk factor for NASH.
They had been chronically exposed to several
volatile petrochemical products, including ben-
zene, dimethylformamide, ethylene, vinyl chlor-
ide and others (see the Appendix) for at least 5
years.
Group 2 (G2): patients whose risk factors for

NASH were exposure to chemicals associated
with metabolic conditions (obesity, hyperlipide-
mia and/or diabetes).
G1 and G2 were initially selected on the basis

of having aspartate and alanine aminotrans-
ferases (ASTs, ALTs) and/or gamma-glutamyl-
transferase (GGT) levels at least 1.5 times the
upper normal limits in three or more determina-
tions (13).
Group 3 (G3): patients with a diagnosis of

NASH associated with metabolic conditions.
G3 was composed of consecutive patients se-

lected from our Liver Unit, who never worked in
a petrochemical industry.

Clinical evaluation

The parameters studied included age, gender and
time working in the industrial area, risk factors
(obesity, hyperlipidemia, diabetes and exposure
to chemicals), liver function and abdominal ultra-
sound. Obesity was defined as a body mass index
(BMI) � 30 kg/m2. The diagnosis of diabetes was
based on the criteria of the American Diabetes
Association (15). Aminotransferases were consid-
ered to be elevated when their serum levels
exceeded 1.5 times the reference level.
The criteria for the diagnosis of NASH were:

(a) negative or occasional history of alcohol use
(o20 g/day), (b) exclusion of chronic liver disease
(viruses B and C, hemochromatosis and autoim-
mune diseases), and (c) liver biopsy with a diag-
nosis of steatohepatitis. Criteria for the diagnosis
of NASH related to exposure were: history of
exposure, exclusion of others risks factors for
NASH (obesity, hyperlipidemia, diabetes, ab-
dominal surgery, drug use, etc.) besides histolo-
gical and epidemiological data (12, 13, 23, 24).

Histological evaluation

Liver biopsy was performed in all patients. The
major indication was persistent elevation of
ALT and AST after an attempt to control the

metabolic conditions and after 6 or more months
of follow-up. Histological classification was ac-
cording to Matteoni et al. (5). Types 3 (steatosis,
ballooning degeneration and inflammation) and 4
(steatosis, ballooning degeneration, inflammation
and fibrosis) were considered to be steatohepatitis
(NASH). Fibrosis was classified into four stages:
stage 0: steatosis without any fibrosis; stage 1:
fibrosis limited to the perivenular area in zone 3;
stage 2: perivenular and perisinusoidal fibrosis
with the formation of thin fibrous septa; stage 3:
presence of fibrous septa connecting central ve-
nules to central venules and/or central venules to
portal tracts. Few parenchymal nodules may be
observed; and stage 4: cirrhosis.

Perls’ method was used to investigate iron
overload.

The Ethics Committee for Medical Research at
the University Hospital Edgar Santos – Federal
University of Bahia – Brazil approved the study.

Statistical analysis

Differences among groups were analyzed by one-
way ANOVA followed by the Bonferroni test,
and all values are reported as mean� SD. The
data were analyzed using the Epi-info software,
version 6.0, and the differences between groups
were considered to be significant at Po0.05.

Results

The study was conducted on 84 NASH patients
classified into three groups: G1 (n5 31), G2
(n5 30) and G3 (n5 23). All patients were
asymptomatic, including those with cirrhosis de-
tected by histology. Ultrasound was performed in
all patients and showed the presence of steatosis.
The liver function tests (prothrombin time and
albumin levels) were normal, but all subjects
presented elevated aminotransferase levels. An
ALT/AST ratio greater than 1 was observed in
83.8% of subjects (26/31) in G1, in 90.0% (27/30)
in G2 and in 74% (17/23) in G3. GGT was
elevated in all (100%) patients in G1 and G2
and in 69.5% of subjects (16/23) in G3.

Table 1 shows the data for G1, G2 and G3
according to gender, age and time of work (ex-
posure) in the industrial area. Males predomi-
nated in all groups. G3 patients with NASH were
older than G1 and G2 patients (P5 0.002). The
mean age was 48� 3.4 years in G3, 37� 5.4 years
in G1 and 39� 6.5 in G2. The mean time of work
in the petrochemical industry was 15� 5.4 years
for both groups (G1 and G2).

Table 2 describes the risk factors for NASH:
In G1, the only risk factor was occupational
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exposure. In G2, exposure to chemicals was also
associated with obesity in 26.6% (8) of cases, with
hyperlipidemia in 66.6% (20) and with diabetes in
6.6% (2). In G3, obesity was present in 43.4%
(10) of cases, hyperlipidemia in 30.4% (17) and
diabetes in 26% (6).
The histological findings in liver biopsies are

described in Table 3. All 84 patients presented
steatohepatitis (macro- and microsteatosis, in-
flammation and ballooning degeneration of he-
patocytes). Macro-vesicular steatosis was more
frequent among exposed subjects and macro- and
microvacuolar steatosis was more frequent
among non-exposed subjects, but 100% of pa-
tients presented with steatosis. Perisinusoidal fi-
brosis was observed in 71% of patients (22/31) in
G1, 80% (24/30) in G2 and 52% (12/23) in G3.
Two cases of cirrhosis were observed in G3
(8.6%). Bile plugs within bile canuliculi were
found in 51.6% of cases in G1, 50% in G2 and
in 13% of G3. The presence of cholestasis in
NASH associated with exposure was statistically
significant (P5 0.002) and was correlated with
elevated serum GGT levels. However, the levels
of bilirubin and alkaline phosphatase were nor-
mal in 100% of cases in G1, G2 and G3. Iron
overload analyzed by Perls’ method was observed
in 19.3% of subjects in G1, 13.3% in G2 and 26%
in G3 (P40.05). Table 4 describes the grades of
fibrosis associated with steatohepatitis in liver
biopsies. Mild or grade I fibrosis was the most
frequent in all groups.

Discussion

NASH is considered nowadays to comprise a
broad spectrum of conditions involving fatty liver
alterations, and is associated with several risk
factors and different profiles (16–19). Although
NASH has been related to conditions character-
ized by insulin resistance, it has also been asso-
ciated with other factors (7, 11).
Occupational exposure to chemicals has been

associated with steatosis, and steatohepatitis has
been described in some studies (11). The solvent
dimethylformamide has been related to steatosis
and focal hepatocellular necrosis (20). Steatohe-
patitis was described in painters who work with
solvents and thinners (21). In Spain in 1981,
NASH was also reported among individuals
who developed a multisystem disorder after the
consumption of adulterated cooking oil (22).
The spectrum of toxic liver injury related to

chemicals is broad, including cholestasis, hepati-
tis, tumors, thrombosis, steatosis and steatohe-
patitis. The extent of hepatic damage depends on
the dose, duration of exposure, the activity of
hepatic drug metabolizing enzymes and indivi-
dual susceptibility (11). However, the diagnosis
of hepatotoxicity and occupational exposure is

Table 1. Groups of NASH patients according to gender, age and time

of work (exposure) in the petrochemical industry

G1 G2 G3
Pn 5 31 n 5 30 n5 23

Age (years) 37 � 5.4 39 � 6.5 48 � 3.4 0.002
Gender

Male 30 (97%) 30 (100%) 17 (74%)
Female 7 (3%) 0 0.6 (26%)

Time working in the
petrochemical industry
(years)

15 � 5.4 15 � 4.7 –

NASH, non-alcoholic steatohepatitis; G1, group 1; G2, group 2; G3,
group 3.

Table 2. Risk factors associated with NASH in groups 2 and 3

Risk factors
G1 G2 G3

Pn5 31 n 5 30 n 5 23

n (%) n (%) n (%)
Exposure 31 (100) 30 (100) 0
Obesity 0 8 (26.6) 10 (43.4)
Hyperlipidemia 0 20 (66.6) 7 (30.4) 0.01
Diabetes 0 2 (6.0) 6 (26) 0.13

NASH, non-alcoholic steatohepatitis; G1, group 1; G2, group 2; G3,
group 3.

Table 3. Histological findings in liver biopsies from patients with

NASH

Histological findings
G1 G2 G3

Pn 5 31 n 5 30 n5 23

n (%) n (%) n (%)
Steatohepatitis without

fibrosis
9 (29.0) 6 (20.0) 11 (47.8)

Steatohepatitis with
fibrosis

22 (71) 24 (80) 12 (52)

Cirrhosis 0 0 2 (8.6)
Cholestasis 16 (51.6) 12 (40) 3 (13.0) 0.002
Steatohepatitis/iron

overload
6 (19.3) 4 (13.3) 6 (26.0)

Steatohepatitis: steatosis1ballooning degeneration1inflammation.
NASH, non-alcoholic steatohepatitis; G1, group 1; G2, group 2; G3,
group 3.

Table 4. Steatohepatitis and fibrosis in liver biopsies from patients

with NASH

Fibrosis
G1 G2 G3
n 5 31 n5 30 n5 23

n (%) n (%) n (%)
Grade 0 9 (29.0) 6 (20.0) 11 (47.8)
Grade I (mild) 19 (61.2) 17 (56.6) 8 (34.7)
Grade II (moderate) 3 (9.6) 7 (23.3) 2 (8.6)
Grade III (severe) 0 0 0
Cirrhosis 0 0 2 (8.6)

NASH, non-alcoholic steatohepatitis; G1, group 1; G2, group 2; G3,
group 3.
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considered difficult, and evidence is often purely
circumstantial (11, 23, 24).
Clinical and epidemiological studies have

related NASH to occupational exposure to
chemicals (benzene, xylene, ethylene, dimethyl-
formamide, vinyl chloride and others) among
workers from a petrochemical plant in Brazil. After
they were removed from the exposed work area, the
workers presented a gradual improvement in liver
tests and histology (12). The route of exposure was
not known. Presumably, the skin and digestive and
respiratory tracts were the most likely.
Epidemiological investigations (25) such as

prevalence, descriptive and case–control studies
on these workers support evidence from these
previous studies, showing that occupational ex-
posure is a risk factor for NASH among workers
from a petrochemical industry in Brazil (26).
When the spectrum of liver disease was studied

in these workers, NASH was the most frequent
chronic liver disease and occupational exposure
was the condition most frequently associated with
it (13). However, the role of metabolic factors in
association with exposure in this kind of NASH
has not been evaluated before.
The results of the present study show that

workers with NASH related to exposure asso-
ciated or not with metabolic conditions (obesity,
hyperlipidemia and type 2 diabetes) were similar
in terms of gender, age and biochemical and
histological findings. However, patients with
NASH exposed to chemicals were younger than
non-exposed individuals and the difference was
significant. The most frequent conditions asso-
ciated with exposure in group two (G2 – co-
existing metabolic risk) were obesity and hyperli-
pidemia; however, these concomitant risk factors
did not seem to influence the clinical and histo-
logical profile of these patients with steatohepa-
titis. These results suggest that exposure to
chemicals is an independent risk factor for NASH
in these workers. Preliminary results about the
relationship between these petrochemicals and
NASH did not reveal insulin resistance by the
method of homeostasis assessment. These results
could be of help in future studies to better under-
stand NASH related to exposure to chemicals.
Analysis of the histological findings showed

that steatohepatitis with fibrosis was frequent
among exposed patients and was significant.
However, mild fibrosis was predominant in all
three groups. Cirrhosis was found in two non-
exposed patients.
Ultrastructural study of NASH patients from

the petrochemical industry has further detected
cholestasis, presence of megamitochondria and
increased lipofuchsin deposits. These findings

were considered to be suggestive of an underlying
hepatotoxic mechanism (12).

In the present study, cholestasis was a signifi-
cant histological finding among NASH patients
from the petrochemical industry and was compa-
tible with elevated GGT levels that were more
frequent among exposed patients. Altered GGT
was the first parameter observed in workers
exposed to chemicals when they were evaluated
by periodical exams; however, the levels of bilir-
ubin and alkaline phosphatase were normal.

In conclusion, these results suggest that NASH
courses with peculiar features among petrochem-
ical workers. It is most frequent in individuals
younger than non-exposed subjects. Concomitant
associated metabolic factors did not seem to in-
fluence clinical or histological presentation. Oc-
cupational exposure may be an independent and
most important risk factor for NASH. Fibrosis
and cholestasis are frequent histological findings.
The long-term prognosis remains uncertain.

Acknowledgements

The authors thank Stephen H. Caldwell, MD fromUniversity of
Virginia-USA for his assistance with the preparation of the
manuscript.

Appendix

Petrochemical products most frequently found at
the industrial area in this study:

� Acrylonitrile
� Acetylene
� Benzene
� Carbon tetrachloride
� Chloroform
� Chloroethyl vinyl ether
� Dimethylformamide
� Ethane
� Ethylene
� Hexane
� Methanol
� Toluene
� Trinitrotoluene
� Tetrachloroethane
� Vinyl chloride
� Styrene
� Xylenes
� Hydrocarbon mists
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não alcoólica (NASH) em trabalhadores da indústria pet-
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